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Abstract

Computer image processing is a method that uses artificial intelligence and machine learning-based general
learning algorithms. With this method, objects in digital images (photos or videos) can be grouped by being
perceived and detected. Computerized image processing method can be applied to almost all kinds of digital
data produced with the developing technology. Nowadays, the identification and detection of gunshot
residues (GSR) can be done manually by experts from the acquired images. In this study, computerized
image processing method was used for the identification and dimensional analysis of gunshot residues
(GSR). In this new proposed method, a dataset of 18500 digital image samples obtained from three different
caliber cartridges (MKE, Gecco and S&B brands) was used. From the results of the study, it has been shown
that the Computer Vision Method is a successful method in the automatic dimensional classification of
GSRs.
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1. Introduction

Computer Vision, or computer image processing, is the field of computer science
that enables computers to identify and process objects in the same way that humans can
identify and process objects [1]. The computerized image processing method basically
covers the subjects such as understanding the obtained image, analyzing it by processing,
and extracting numerical data from the images [2]. Images that can be processed in
Computer Vision method; It can be in various fields such as photographs, videos, videos
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taken from multiple cameras looking at the same point, images taken by medical imaging
devices, digital forensic images [3]. The first studies on this method was begun in the
1950s. With the development of the Internet, the acquisition of new data sets and the
accessibility of data sets have increased the interest in the Computer Vision method.
Today, especially face recognition programs are being developed based on Computer
Vision method [4].

With the development of technology, computer-based approaches have started to
be used especially in the examination of forensic digital evidence. Although forensic
experts use computer-based approaches developed in the analysis of forensic digital
evidence, they usually make decisions using manual analysis [5]. This situation creates
the possibility of human error in the decision-making mechanism. To overcome this
problem, computer-based approaches have shown promise.

GSR particles have a special morphological structure (usually spherical and 0-100
micrometers in diameter (in some cases larger) [6]. As a result of the studies conducted
in the literature, it has been observed that the morphological structure of GSR particles is
formed by the effect of equilibrium-surface distributions. It has been suggested that the
morphological dimensional classification of GSR particles is not associated with the
equilibrium-surface distribution. Images obtained using SEM (Scanning Electron
Microscope) are used in GSR analysis. These images are manually analyzed by forensic
experts [7]. Experts make decisions by examining the morphological structure, chemical
composition and size of GSR particles from SEM images. This analysis process is
challenging and time consuming due to the amount and complexity of digital images.

Therefore, in this study, Computer Vision method is used for automatic
dimensional classification of GSRs. This new method is important in terms of reducing
the workload of forensic experts and can be used in the dimensional analysis of GSR
particles formed according to cartridge brands. In the scope of the study, a dataset
covering 18500 samples obtained from three different caliber cartridges (MKE, Gecco and
S&B brands) was used. In addition, this data set was shared without any commercial
concerns. Access link: http://ilkerkara.karatekin.edu.tr/RequestDataset.html

2. Related Work

There are many studies in the literature about analyzing the morphological
structure of GSRs. In this section, studies on dimensional analysis are briefly reviewed.

It was seen that the morphological structures of GSRs were generally spherical as
a result of random distribution [8]. In the study by Vermeij et al., it was argued that the
morphological structures of GSR particles can be formed in different structures other than
spherical structures [9]. Similarly, Kara et al. analyzed the morphological structures of
GSR particles. The images obtained by SEM/EDS method were manually analyzed and
they suggested that GSR particles consist of 7 different morphological groups [10].
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It is important to determine the dimensional distribution of GSR particles.
Determining the morphological structure distribution of GSR particles will benefit
forensic experts, especially in SEM image analysis. Bruno Cardinetti et al., emphasized
that the morphological structures of GSR particles have characteristic features and these
features are used in GSR detection investigations [11].

The results presented in [12] for the dimensional distributions of the morphological
structures of GSR particles in the literature are remarkable. It is obvious that the idea that
the dimensional distribution of the morphological structures of GSR particles is not a
random distribution will be useful in the analysis of forensic experts. In their study, Kara
et al. manually calculated the data using the Boltzmann method to determine the
dimensional distribution of the morphological structures of GSR particles [13]. This
situation has triggered the search for new techniques that can automatically determine
the morphological structure and dimensional distribution of GSR particles using
different techniques.

3. Materials and Methods

In this section, the workflow and system of the proposed analysis approach are described
in detail. First, the dataset is introduced and the acquisition of particle images of GSRs is
explained. Then, based on the images of GSRs, the dimensional analysis of morphological
structures using Computer Vision will be explained.

3.1. Collecting GSR samples and obtaining images

In the literature, a data set obtained by the SEM method of GSR and at standards suitable
for the study was not found. For this purpose, a data set that is suitable for the scope of
the study was created. MKE, Geco and S&B brand cartridges were used in the study. For
this purpose, after the shooter fired three shots into the water tank, double-sided carbon
adhesive tape (SPI supplies) was collected from both hands with the swap method and
images were obtained in the SEM microscope. Hitachi Su5000 Field Emission Scanning
Electron Microscope (FE-SEM) was used for SEM analysis. 18500 SEM image samples
were obtained from three different brands used in the study.

3.2. Dimensional analysis of GSR images with Computer Vision
Images obtained by SEM method are widely used in the analysis of GSR particles.

Therefore, SEM images were used in the dimensional analysis of GSR particles. For this
purpose, dimensional analysis of GSR particles was performed using Computer Vision
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method (Figure 1). The data set images obtained for this purpose were processed by
Computer Vision method.
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Figure 1: The overall workflow of the proposed approach’s

The SEM images in the dataset were analyzed in 8-bit grayscale. Grayscale images
do not show color, only the intensity of light. Each pixel is stored in computers as an 8-
bit binary code. In other words, if the images are shown as 28=256, they take values
between 0-255 (where 0 indicates black color and 255 indicates white color).

As can be seen in Figure 1, Computer Vision processing of digitized GSR images
consists of 3 steps. The images in the dataset contain some noise, blemishes and unwanted
distortions. Therefore, in the first step of the analysis phase, these noise, blemishes and
unwanted distortions were removed. For this purpose, the Gausion filter, threshold,
erode and dilate functions were used to remove the noise, blemishes and distortions in
the image [14].
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In the second step, the contours of the GSR were then found in the images. For this,
the find contours function from the open-cv library was used for Computer Vision
analysis. In step 3, the GSRs were digitized by dimensional analysis of the particles. The
x,y coordinates of each GSR particle image are known [15]. The two most distant points
between these coordinates are determined. For this, the dist function in the python
programming language was used [16].

In addition, the number of pixels in width and height of the SEM images and the
MICRON MARKER of the SEM microscope used are known. GSR images take up as
much space as the MICRON MARKER size in 152 pixels [15, 16]. In this way, it is possible
to calculate how many micro meters 1 pixel is. Using this approach, the morphological
structures of all GSR particles in the dataset were digitized by dimensionally calculating
their morphological structures from the images (See Figure 2).
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Figure 2: Automatic calculation of the dimensional characteristics of GSR particles using the Computer
Vision Method.
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The dimensional properties of SEM images of GSR particles obtained using 9 mm
diameter MKE, Gecco and S&B cartridges were automatically calculated using the

Computer Vision method (Figure 3).

Figure 3: Dimensional distribution analysis of GSR particles using Computer Vision.
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4. Results

The classification of GSR particles according to the dimensional analysis of the
morphological structures of GSR particles with the Computer Vision method proposed
in this study can accelerate the detection process of GSR particles, especially for forensic
experts. Specific GSR identification can be utilized in the dimensional calculations of the
morphological structures of GSR particles detected according to different brands.
However, it should be repeated with different brands and models of cartridges.

However, the dimensional analysis of the morphological structure of GSR particles
presents some difficulties. Dimensional analysis of the morphological structure of GSR
particles depends on the type of ammunition and environmental conditions (heat,
humidity, pollution, etc.). These effects affect the success rate of classification based on
dimensional analysis of the morphological structure of GSR particles.

5. Discussion and Conclusion

In this study, a new computer vision based method for dimensional analysis of the
morphological structure of GSR particles is proposed. The results of the study showed
that the dimensional analysis of GSR particle morphological structures can be performed
automatically with the Computer Vision method. These results need to be supported with
datasets obtained from different brands and models of cartridges.

In addition, the dimensional analysis of the morphological structures obtained by
processing the digital images of GSR particles with Computer Vision has the potential to
use deep learning methods. The dataset used in this study is publicly available without
any commercial concerns and can be accessed for further research at
http://ilkerkara.karatekin.edu.tr/RequestDataset.html.

6. Acknowledge

This study is produced from PhD thesis " ADLI BILIMLER ACISINDAN ATIS
ARTIKLARI ANALIZ TEKNIKLERI VE KRIMINAL UYGULAMALARI" prepared by
Ilker KARA in 2014 under the supervision of Prof. Dr. Mehmet KASAP.

References

[1] Ren, Z., Fang, F., Yan, N., & Wu, Y. (2022). State of the art in defect detection based on machine
vision. International Journal of Precision Engineering and Manufacturing-Green Technology, 9(2), 661-691.
[2] Hassan, H., Ren, Z., Zhao, H., Huang, S., Li, D., Xiang, S., ... & Huang, B. (2022). Review and
classification of Al-enabled COVID-19 CT imaging models based on computer vision tasks. Computers in
biology and medicine, 141, 105123.

Online ISSN: 2822-2296 journals.orclever.com/ejrnd 173



The European Journal of Research and -
Development, 3(1), 2023 https://doi.org/10.56038/ejrnd.v3i1.258 Yoot CLEVER

Science & Research Group

[3] Kara, I, Korkmaz, C., Karatatar, A., & Aydos, M. (2023). A forensic method for investigating
manipulated video recordings. Computer Fraud & Security, 2023(1).

[4] Yin, H, Yi, W., & Hu, D. (2022). Computer vision and machine learning applied in the mushroom
industry: A critical review. Computers and Electronics in Agriculture, 198, 107015.

[5] Igbal, S., Khan, W., Alothaim, A., Qamar, A., Alhudhaif, A., & Alsubai, S. (2022). Proving Reliability
of Image Processing Techniques in Digital Forensics Applications. Security and Communication Networks,
2022.

[6] Kara, I, & Tahillioglu, E. (2022). Digital image analysis of gunshot residue dimensional dispersion
by computer vision method. Microscopy Research and Technique, 85(3), 971-979.

[7] Kathirvel, S., Murugesan, S., & Marathakam, A. (2022). Recent Updates on Methods, Applications,
and Practical Uses of Scanning Electron Microscopy in Various Life Sciences. In Microscopic Techniques
for the Non-Expert (pp. 187-199). Cham: Springer International Publishing.

[8] Brozek-Mucha, Z. (2007). Comparison of cartridge case and airborne GSR—a study of the
elemental composition and morphology by means of SEM-EDX. X-Ray Spectrometry: An International
Journal, 36(6), 398-407.

[9] Vermeij, E., Duvalois, W., Webb, R., & Koeberg, M. (2009). Morphology and composition of
pyrotechnic residues formed at different levels of confinement. Forensic science international, 186(1-3), 68-
74.

[10] Kara, L., Sarikavak, Y., Lisesivdin, S. B., & Kasap, M. (2016). Evaluation of morphological and
chemical differences of gunshot residues in different ammunitions using SEM/EDS technique.
Environmental Forensics, 17(1), 68-79.

[11] Cardinetti, B., Ciampini, C., D’Onofrio, C., Orlando, G., Gravina, L., Ferrari, F., ... & Torresi, L.
(2004). X-ray mapping technique: a preliminary study in discriminating gunshot residue particles from
aggregates of environmental occupational origin. Forensic science international, 143(1), 1-19.

[12]  Romolo, F. S., & Margot, P. (2001). Identification of gunshot residue: a critical review. Forensic
science international, 119(2), 195-211.

[13]  Kara, I. (2022). The relationship between gunshot-residue particle size and Boltzmann distribution.
Forensic Sciences Research, 7(1), 47-52.

[14] Fernandes, A.F. A, Dédrea, J. R. R., & Rosa, G.]. D. M. (2020). Image analysis and computer vision
applications in animal sciences: an overview. Frontiers in Veterinary Science, 7, 551269.

[15] Nakarmi, A. D., Tang, L., & Xin, H. (2014). Automated tracking and behavior quantification of
laying hens using 3D computer vision and radio frequency identification technologies. Transactions of the
ASABE, 57(5), 1455-1472.

[16] Xingyun, M., Xuefei, L., Bihui, W., & Songsen, W. (2015). Introduction to OpenCV3 programming
[M]. Publishing House of Electronics Industry. 204-216.

Online ISSN: 2822-2296 journals.orclever.com/ejrnd 174



